Objective -To study the arrangement of the myocardial fiber bundles at the pulmonary venous left atrial junction in patients with pulmonary hypertension, and to discuss the pathophysiological importance of this element in the etiology of acute pulmonary edema.
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Pulmonary hypertension occurs when the systolic pressure in the pulmonary artery increases above 30mmHg, hindering the maintenance of cardiac output. Of the types of pulmonary hypertension, that of stasis or reflux (venous hypertension) is frequently the most common, usually resulting from cardiac disorders that impair the normal drainage of the lesser circulation. The most common example is that of left heart failure and mitral stenosis causing pulmonary venous stasis, with a consequent increase in pressure in this region 1, 2 . However, other causes exist, such as pathological pulmonary processes (emphysema, fibrosis, pulmonary thromboembolism, and pulmonary schistosomiasis), which explain the genesis of secondary pulmonary hypertension. However, the literature has shown that, in approximately 10% of the cases, no cardiac or pulmonary cause can be identified as being involved in the genesis of the disease; in these cases, the disorder is called primary or idiopathic pulmonary hypertension. The latter is a rare disorder of the pulmonary circulation, usually affecting young and middle-aged women, with a rapid and invariably fatal evolution 3 . Stuart 4 reported that the veno-occlusive pulmonary disease occurs in less than 10% of patients with primary pulmonary hypertension, and that the basic cause of this disorder remains unknown.
On the other hand, several authors have reported that the myocardial fiber bundles around the openings and in the walls of the pulmonary veins in different animals, man included, have a function similar to that of a sphincter, whose action would prevent blood from reflowing from the atrium to the lungs during atrial systole [5] [6] [7] [8] [9] . Some authors have formulated the hypothesis that the contraction of the pulmonary veins associated with the cardiac activity would facilitate left atrial filling during diastole 6, 10, 11 . Other authors have reported that the myocardial fiber bundles in the walls of the pulmonary veins have a function in the regulation of the pulmonary venous pressure and of the blood flow through alterations in their tonus caused by various physiological or pharmacological stimuli, or both 5, 6, 12, 13 . These authors have suggested the possibility that the constriction of the pulmonary veins or morphological alterations in the pulmonary venous left atrial junctions may be the cause of the acute pulmonary edema with no cardiac ventricular failure.
Considering the hypotheses formulated by these authors, in which alterations in the intrapulmonary venous pressure might be caused by modifications in the structural elements that constitute pulmonary venous left atrial junctions, we decided to use stratigraphy to investigate pulmonary morphology and function during abnormal conditions, and discuss the possible pathophysiological importance of our findings in the etiology of acute pulmonary edema.
Methods
We studied 12 anatomical specimens constituted of hearts and lungs obtained from autopsies performed at the Department of Pathology of the CCS in the Federal University of Pernambuco. These autopsies were carried out in adult female and male patients, whose anatomicopathological diagnosis of the cause of death was acute pulmonary edema. It is important to emphasize that only specimens with no grossly visible alterations were included in this study.
The hearts were withdrawn with their pulmonary vessels and part of their pulmonary parenchyma, and were fixed in 10% formalin. Then, the left atria with a segment of the pulmonary veins were separated from the corresponding ventricles. With the aid of a stereoscopic magnifying glass, the remaining pieces of the pericardium were removed, and the myocardial fiber bundles were exposed. The pulmonary venous left atrial junction and the extension of the cardiac muscle into the pulmonary veins were carefully analyzed.
Once the pulmonary veins and their junctions with the atrial wall were isolated, the material was embedded in paraffin, and tangential and longitudinal serial cross-sectional samples of the entire specimen 50 µm thick were cut. The slides were stained with Azam's trichrome, and were examined under epi-and transillumination, using a microscope and a stereomicroscopic magnifying glass with magnifications ranging from 5 to 50 times. The results obtained were recorded and illustrated by means of sketches and photographs.
Results
The myocardial fiber bundles were found to originate in the atrial wall and encompass the openings of the pulmonary veins, constituting a type of sphincter ( fig. 1) . Part of these fiber bundles continues in the walls of the veins in semicircular and oblique trajectories, in a spiral manner ( fig. 2 ). This behavior was better evidenced in the superior pulmonary venous left atrial junctions than in the inferior ones, in which most fibers are limited to encircling the openings of the pulmonary veins. In both cases, we observed that some of the outermost bundles encompass the veins close to their openings, and return to the atrial wall, constituting true muscle loops. However, most fiber bundles end in the venous wall, where they attach to the fibrous elements of the vessel's adventitia. These myocardial cuffs are limited to the tunica adventitia, and extend on an average of 10 mm into the superior pulmonary veins and 3 mm into the inferior ones, being restricted to the intrapericardial part of the vessels.
Discussion
Several authors have proposed that the cardiac musculature encompassing the openings of the pulmonary veins has a sphincteral function, which prevents blood from reflowing during atrial systole [5] [6] [7] [8] [14] [15] [16] . On the other hand, systolic contractions of the extrapulmonary portions of the pulmonary veins have been shown in the rat and in the mouse , 11, 17 . Likewise, Carrow and Calhoun 10 , in their experimental studies, formulated the hypothesis that the conduction of the electrical impulse following a trajectory established by the cardiac muscle in the wall of the pulmonary veins may create a peristaltic or milking action towards the heart, therefore, increasing the venous return and atrial filling. Nathan and Eliakim 6 reported that the presence of striated muscle in the tunica media of the pulmonary veins of the rat has led to the supposition that its contraction associated with the activity of the cardiac muscle facilitates atrial filling during diastole. Likewise, Almeida et al 17 suggest that the mechanical weakening or failure of the myocardial layer in the walls of the pulmonary veins could have an increased effect on the pressure of the pulmonary capillaries, favoring stasis and pulmonary edema. Cavalcanti et al 18 reported that the pulmonary venous left atrial junction has a morphological substrate capable of playing an important role in the pulmonary circulation, not only preventing venous reflow, but also controlling intrapulmonary venous pressure and cardiac performance.
The semicircular myocardial fiber bundles that encompass the openings of the pulmonary veins observed in this study are fewer than those reported by Cavalcanti et al 18 in their study analyzing the material from individuals with no pulmonary hypertension. Likewise, the extension of the myocardial cuff of the tunica adventitia of these vessels is, on average, shorter than that reported by Nathan and Eliakim 6 and by Cavalcanti et al 8 in non-pathological conditions. This is because the myocardial fiber bundles had not reached the pericardial reflection in any of our cases, leading us to assume that the reduction in the amount of myocardial fiber bundles encompassing the opening of the pulmonary veins may hinder their possible sphincteric function reported by several authors [6] [7] [8] [9] [15] [16] [17] [18] . This might be the cause of blood reflow during atrial systole.
On the other hand, we could assume that a shorter myocardial cuff in the wall of the pulmonary veins would weaken the probable milking function of these fiber bundles, as already reported by several authors 7, 11, 14 . This would elevate pressure, causing blood stasis in this vascular area.
It is noteworthy that an important limiting factor of the present study is the nonexistence of clinical data confirming the presence of pulmonary hypertension during life in the patients studied. In addition, our results were compared in a subjective manner with those of the control group, which was constituted of material originating from autopsies of adult female and male patients with different causes of death, those of cardiopulmonary origin excluded 18 . In conclusion, anatomical alterations resulting in a reduction in the amount of myocardial fiber bundles in the pulmonary venous left atrial junction, isolated or in association with other factors, may be the cause of disturbance in the pulmonary circulation, resulting in an increase in pulmonary venous pressure, and, consequently, in acute pulmonary edema.
